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57 ABSTRACT 
A process for producing thermoplastic foam by the 
use of an intermeshing co-rotating twin screw extruder 
is disclosed. The thermoplastic polymer is mixed with 
other ingredients, such as blowing and nucleating 
agents, and extruded without being subjected to tem 
peratures as high as encountered in extrusion pro 
cesses using a single screw extruder or a counter 
rotating twin screw extruder. . 

5 Claims, 1 Drawing Figure 
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3,843,757 
PROCESS FOR EXTRUDING FOAMED 
THERMOPLASTICS BY UTILIZING AN 

NTERMESHING CO-ROTATING TWIN SCREW 
EXTRUDER 

BACKGROUND OF THE PRIOR ART 
The extrusion of thermoplastic foam is well known to 

the prior art. For instance, the Jacobson U.S. Pat. No. 
2.987,774, patented June 13, 1961, describes a process 
for producing porous bodies of thermoplastic material 
by extrusion from a counter-rotating twin screw ex 
truder. The Vesilind U.S. Pat. No. 3,287,477, patented 
Nov. 22, 1966, discloses a process for extruding a 
foamed thermoplastic using a single screw extruder. 
However, such prior art processes have required high 
power inputs due to the high shear involved. 

In normal foam extrusion techniques using a single 
screw extruder or a counter-rotating twin screw ex 
truder, it is necessary to impart enough BTu's per 
pound of thermoplastic foamable mixture to bring the 
temperature of the mixture substantially above the dis 
charge temperature for proper mixing. However, a sub 
stantial amount of BTU's per pound of mixture must be 
extracted to lower the temperatures of the mixture for 
extrusion (extrusion at higher temperatures, generally 
results in collapsed foams, due to insufficient cell wall 
strength to withstand the pressure of the gaseous blow 
ing agent). 

In a typical direct injection single screw extruder sys 
tem, extruding a high heat, general purpose styrene 
polymer foam, foamable polymer mixture tempera 
tures of 400 to 450°F, will generally be encountered. 
BTU's must be extracted from this mixture to lower the 
mixture temperature to about 275F. in the die, or dis 
charge end. 
The prior art has consistently taught that maximum 

shear should be applied to thermoplastic polymers dur 
ing mixing and blending operations for foam systems. 
This high shear action has resulted in excessive poly 
mer stock temperatures, which necessitates the prob 
lem of taking out BTU's to lower the stock tempera 
ture, and has also resulted in high operating expenses. 
For instance, in a typical single screw extruder, an ex 
truder capacity of 125 hp (on the extrusion system) is 
required for a foam production of 300 pounds per 
hour. In a modified single screw extruder system, 
wherein a 4% inch extruder screw feeds in line a 6 inch 
extruder screw, in the production of foamed thermo 
plastics, the extruder capacity will be 100 hp on the 4% 
inch screw and 75 hp on the 6 inch screw, for a total 
hp requirement of 175, with a resultant extruder capac 
ity of only 400 pounds per hour of foam. 
The co-rotating twin screw extruder has been known 

for many years. The Colombo U.S. Pat. No. 3,252,182, 
issued may 24, 1966, describes such a co-rotating twin 
screw extruder. These co-rotating twin screw extruders 
have not been previously used in the production of 
foamed thermoplastics, as the prior art considered that 
high shear was required for adequate mixing. Co 
rotating twin screw extruders are not normally used for 
non-foam extrusion of conventional materials, as a sin 
gle screw extruder is considered to be much better in 
such applications. 

SUMMARY OF THE INVENTION 
Foamed thermoplastics are extruded from a conven 

tional co-rotating intermeshing twin screw extruder, 
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preferably modified by the provision of an inlet for the 
injection of a blowing agent. The use of the co-rotating 
twin screw extruder allows a significant energy savings 
and also results in a lower ultimate temperature en 
countered by the polymer during extrusion, as com 
pared to single screw extruder and counter-rotating 
twin screw extruder temperatures. As much less heat is 
put into the thermoplastics foamable polymer mixture 
by the extruder, the requirements for extracting BTU's 
from the mixture can, in many cases, be eliminated. 
DETAILED DESCRIPTION OF THE INVENTION 
It has now unexpectedly been found that foamable 

thermoplastic resins may be extruded into foams on co 
rotating twin screw extruder with much lower energy 
requirements than conventional foam extrusion sys 
tems. In addition, the highest temperature to which the 
thermoplastic polymer being extruded is subjected is 
much lower than the highest temperatures encountered 
in conventional foam extrusion systems. 
The foamable thermoplastic resins which can be ex 

truded according to the present invention include chlo 
rinated rubber, cellulose ethers and esters, e.g., ethyl 
cellulose, cellulose acetate, cellulose acetatebutyrate, 
homopolymers of propylene, isobutylene, butene-1, 
vinyl halides, e.g., vinyl chloride and vinyl fluoride; vii 
nylidene chloride; vinyl esters of carboxylic acids, e.g., 
vinyl acetate, vinyl stearate, vinyl benzoate, vinyl 
ethers, e.g., vinyl methyl ether, vinyl ethyl ether, vinyl 
isobutyl ether; chlorotrifluoroethylene, tetrafluor 
oethylene, hexafluoropropylene, unsaturated carbox 
ylic acids and derivatives thereof, e.g., acrylic acid, 
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methacrylic acid, methyl acrylate, methyl alpha chlo 
racrylate, ethyl acrylate, methyl methacrylate, acryl 
amide, acrylonitrile, methacrylonitrile, and interpoly 
mers of the above-mentioned vinylidene monomers 
with alpha, beta unsaturated polycarboxylic acids and 
derivatives thereof, e.g., maleic anhydrides, diethyl 
maleate, dibutyl fumarate, dially maleate, dipropyl 
maleate, etc. A preferred class of materials are rigid, 
relatively nonelastic, thermoplastic resins, such as ho 
mopolymers and interpolymers of vinyl chloride, e.g., 
polyvinyl chloride, vinyl chloride-vinyl acetate copoly 
mer (87:13), vinyl chloride-acrylonitrile copolymer 
(80:20); homopolymers of vinylidene aromatic hydro 
carbons and ring halogenated derivatives thereof, e.g., 
styrene, o-chlorostyrene, p-chlorostyrene, 2,5- 
dichlorostyrene, 2,4-dichlorostyrene, p-methylstyrene, 
p-ethylstyrene, alpha-methylstyrene, vinyl naphthalene 
and interpolymers of such vinylidene monomers with 
each other and with other vinylidene monomers in 
which the interpolymer contains at least 70 percent of 
the vinylidene aromatic hydrocarbon compound, e.g., 
a copolymer of 70 percent styrene and 30 percent acry 
lonitrile. One of the preferred class of resins is thermo 
plastic sytrene polymers containing at least 70 percent 
by weight of styrene in the structure. - 
When employing polystyrene, there can be employed 

normal crystal grade polystyrene or high impact poly 
styrene or a mixture containing 5 and 95 percent nor 
mal crystal grade polystyrene and the balance high im 
pact polystyrene, When employing a thermoplastic sy 
trene polymer, it normally contains greater than 50 
percent by weight of styrene and preferably at least 70 
percent by weight of styrene in its structure. High im 
pact polystyrenes are frequently prepared by polymer 
izing monomeric styrene in the presence of 2 to 15 per 



3 
cent by weight of a rubbery diene polymer or by poly 
merizing styrene in the presence of such amounts of a 
difunctional material. Examples of high impact styrene 
include a terpolymer of 5 percent acrylonitrile, 5 per 
cent butadiene, and 90 percent styrene; a copolymer of 
5 percent butadiene and 95 percent styrene; a copoly 
mer of 5 acrylonitrile and 95 percent styrene; the prod 
uct made by polymerizing 95 percent of stryene in the 
presence of 5 percent of polybutadiene; a copolymer of 
5 percent chlorosulfonated polyethylene and 95 per 
cent styrene; a blend of 97.5 percent polystyrene and 
2.5 percent polybutadiene; a blend of 95 percent poly 
styrene and 5 percent hydrogenated polybutadiene 
containing 35.4 percent residual unsaturation; polysty 
rene formed in the presence of 5 percent hydrogenated 
polybutadiene containing 4.5 percent of residual unsat 
uration, a blend of 95 percent polystyrene and 5 per 
cent polyisoprene, a blend of 98 percent polystyrene 
with 2 percent rubbery butadiene-styrene copolymer, 
a blend of 85 percent polystyrene with 15 percent of 
rubbery butadiene styrene copolymer and a copolymer 
of 99.5 percent styrene and 0.5 percent divinyl ben 
Zec. 

Other suitable thermoplastic resins include polycar 
bonates, e.g., the polymer from bisphenol-A and di 
phenyl carbonate; polyoxymethylene (Delrin), oxyme 
thylenealkylene oxide copolymers, e.g., oxmethylene 
ethylene oxide (95:5) polyurethanes, e.g., prepolymers 
from toluene diisocyanate and polypropylene glycol 
molecular weight 2,025; Dacron (polyethylene tere 
phthalate), nylon (e.g. polymeric hexamethylene adip 
amide). ABS terpolymers can be used, e.g., the terpoly 
mer of 25 percent butadiene, 15 percent acrylonitrile 
and 60 percent styrene (a rigid ABS terpolymer), as 
well as other terpolymers containing 25 to 60 percent 
butadiene, 10 to 20 percent acrylonitrile and 20 to 60 
percent styrene, and fumarate and phthalate esters can 
also be used. 
The invention is of particular value in the production 

of foams from polyethylene (of high density, e.g. 0.960, 
medium density, e.g. 0.935 or low density, e.g. 0.914), 
polypropylene, copolymers of ethylene and propylene 
(e.g., 50:50 copolymer, 60:40 copolymer and 20:80 co 
polymer) regular or high impact polystyrene, acrylonit 
rile-butadiene-styrene terpolymer, polyvinyl chloride 
(preferably rigid polyvinyl chloride), copolymers of 
ethylene with minor amounts of butene-1 (e.g., 90:10 
and 97.5:2.5); terpolymers of ethylene, propylene and 
up to 5 percent of a nonconjugated polyolefin such as 
pentadiene-1,4 and dicyclopentadiene, e.g., a terpoly 
mer of 60 percent ethylene, 39 percent propylene and 
1 percent alloocimene or pentadiene-1,4. 
There can also be used fluorocarbon polymers such 

as polytetrafluoroethylene, polyhexafluoropropylene, 
polymers of vinylidene fluoride, and tetrafluoroethyle 
ne-hexafluoropropylene copolymer (e.g., 50:50). 
Mixtures of thermoplastic polymers may be utilized 

if desired. 
The foaming or blowing agent, which is preferably a 

volatile liquid which volatilizes at a temperature below 
the softening point of the polymer, may be injected into 
the extruder barrel at a suitable point and distributed 
throughout the thermoplastic polymer by the mixing 
action of the extruder screws. The volatile liquid, or 
other foaming agent, should be non-reactive with the 
thermoplastic polymer and should not have more than 
a slight solvent action on the thermoplastic polymer. 
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4. 
As the volatile liquid there can be used aliphatic hy 

drocarbons boiling between 10 and 100°C. and prefer 
ably between 30 and 90°C., e.g., petroleum ether 
(containing primarily pentane or hexane or a mixture 
of these hydrocarbons), pentane, hexane, isopentane, 
heptane, cyclohexane, cyclopentane, pentadiene and 
neopentane. Other volatile liquids include methanol, 
ethanol, methyl acetate, ethyl acetate, methyl chloride, 
butane, acetone, methyl formate, ethyl formate, dichlo 
roethylene, perchloroethylene, dichlorotetrafluoroe 
thane, isopropyl chloride, propionaldehyde, diisopro 
pyl ether dichlorodifluoromethane, a mixture of pen 
tane with 5 to 30 percent of methylene chloride or 
other volatile lower halogenated hydrocarbon. 

Usually, the amount of volatile liquid will be 0.1 to 
50 percent by weight of the polymer, e.g., polystyrene, 
to be expanded. The amount of volatile liquid will de 
pend upon the extent of foaming desired. In general, 
the greater the amount of absorbed volatile liquid in 
the polymer-absorbent mixture the more expansion. It 
has been found that good expansion can be obtained 
using very small amounts of the volatile liquid. 
To insure formation of a uniform, small cell size 

foam, a nucleating agent may be incorporated in the 
thermoplastic prior to foaming. 
When a nucleating agent is employed, it is used in an 

amount of from 0.02 to 10 percent of the total thermo 
plastic by weight. Preferably, 0.4 to 2 percent of the nu 
cleating agent is used. 
Conventionally, the nucleating agents are made of 

two materials which react to form carbon dioxide and 
water. The two materials are normally used in approxi 
mately equivalent amounts. As the carbon dioxide lib 
erating materials there can be used ammonium, alkali 
and alkaline earth carbonates or bicarbonates, e.g., am 
monium bicarbonate, sodium bicarbonate, sodium car 
bonate, potassium bicarbonate, calcium carbonate. 
The other material is an acid or acid-reacting salt, pref 
erably solid, which is insufficiently strong to liberate 
the carbon dioxide from the carbonate or bicarbonate. 
Generally, the acid has at least 3.0 milliequivalents of 
acidic hydrogen, and preferably at least 10.0 millie 
quivalents, per gram. The acid can be organic or inor 
ganic. Suitable acidic materials include boric acid, so 
dium hydrogen phosphate, fumaric acid, malonic acid, 
oxalic acid, citric acid, tartaric acid, potassium acid tar 
trate, chloracetic acid, maleic acid, succinic acid and 
phthalic acid. In place of the anhydrous acids or salts 
there can be used the solid hydrates, e.g., oxalic acid 
dihydrate and citric acid monohydrate. It should be un 
derstood that other well known nucleating systems can 
be utilized. 
While not essential, there can also be added a wetting 

agent such as Bayol 35 (a petroleum aliphatic hydro 
carbon white oil), kerosene having an average of at 
least 8 carbons in the molecule, alkylphenolalkylene 
oxide adducts, e.g., Triton X-100 (t- 
octylphenolethylene oxide adduct having 10 ethylene 
oxide units in the molecule), sodium lauryl sulfate and 
sodium dodecylbenzene sulfonate. The wetting agent 
can be nonionic or anionic. 
While any of the thermoplastic polymers heretofore 

mentioned may be utilized in the process of the present 
invention, particularly preferred thermoplastics in 
clude polystyrene, polyethylene (of low, medium, and 
high densities) and polyvinylchloride polymers c on 
taining up to about 30% of other co-monomers. 
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In addition to the volatile liquid foaming agent, other 
materials may be incorporated in the thermoplastic 
polymer. For instance, various inert fillers, stablizers 
and extenders may be utilized. In addition, pigments 
and dyes may be incorporated into the thermoplastic 
polymer foam, as is known to the art. 
Instead of injecting the volatile liquid blowing agent 

into the thermoplastic polymer in the extruder, a con 
ventional expansible thermoplastic material, such as 
polystyrene containing about 1-9 percent of one or 
more of the volatile liquids, e.g., Dow Pelaspan 101 (ex 
pansible polystyrene beads containing 6 percent pen 
tane) or Kopper Dylite F-135, may be used. 
The foam extrusion conditions for the co-rotating 

twin screw extruder are conventional, as is known to 
the art, except that the extruder temperatures will gen 
erally be appreciably lower than those encountered in 
extrusion with single screw extruders and counter 
rotating twin screw extruders. The thermoplastic poly 
mer is subjected to sufficient BTU's in the compression 
zone of the extruder so that the cooling effect of the 
blowing agent when injected into the system will be suf 
ficient to bring the polymer mixture (including the 
blowing agent) to substantially the desired discharge 
temperature at the die thereby eliminating the neces 
sity of extracting BTU's from the foamable polymer 
mixture or in some instances removing very little BTU's 
from the foamable polymer mixture. The discharge 
temperature will vary over wide limits, depending upon 
the particular thermoplastic polymer extruded and the 
foamed product desired. For instance, branched poly 
ethylenes of a softening point of 210°F. will generally 
be extruded at about 150F. whereas polystyrene, of a 
softening point of 215 F. will generally be extruded at 
a temperature of about 250-300F., polypropylene 
homopolymers and co-polymers with butene, of soften 
ing points of about 370°F. will generally be extruded at 
temperatures of about 230-250F. and about 225°F., 
respectively. Linear polyethylene (0.94 - 0.96 density) 
which has a softening point of 270°F. will be extruded 
at about 200 - 210°F. Polyvinylchloride, of softening 
points of about 220F. will generally be extruded at 
temperatures of about 275-300F. The above extru 
sion temperatures indicate that the preferred thermo 
plastic polymers will generally be extruded at a temper 
ature between about 150°F. below the softening tem 
perature of the polymer and about 200F. above the 
softening temperature of the polymer being extruded. 
However, it is emphasized that the extrusion tempera 
tures, in specific instances, may be well below or above 
the above-mentioned range. 
A conventional co-rotating twin screw extruder with 

flights continously forwarding except where material is 
transferred from one compression section to another 
because of machining limitations can be utilized. This 
screw configuration tends to limit extrusion capacity. 
At this capacity sufficient sealing by the polymer takes 
place to prevent gaseous blow-back of an injected 
blowing agent. The portion of the compression zone of 
the screw near the feed zone is partially filled with poly 
mer and the portion thereof near the injection zone is 
substantially filled with polymer whereby the polymer 
acts as a seal to prevent gaseous blow-back of the in 
jected blowing agent. This sealing action is effected by 
adjustment of screw rotation speeds. It has been found 
that when extrusion capacity has been increased there 
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6 
is insufficient sealing by the polymer to prevent blow 
back when continuous flight screws are utilized. 
A preferred co-rotating twin screw extruder for 

larger capacities is shown on the accompanying dia 
gram, which represents a schematic view of a co 
rotating twin screw extruder suitable for the production 
of foamed thermoplastics. 
Co-rotating twin screw extruder 1 comprises an ex 

truder barrel 2 surrounding twin screws 3 and 4. Each 
extruder screw 3 and 4 is of normal design, i.e., is of 
conventional pitch, L/D ratio, and the like, except for 
the design of the mixing sections, as will be described 
more fully hereinafter. 
Each screw consists of a compression zone 5 com 

prising a section 5A of forwarding mixing flights and a 
gaseous sealing section 5B of reversing flights, an injec 
tion zone 6, a conveying zone 7, a mixing zone 8, and 
a metering zone 9. The extruder 2 contains a die 10 
which contains suitable ports (not shown), as known to 
the art. A motor 11 drives gears 12, causing screws 3 
and 4 to rotate in the same direction, i.e., the screws 
are co-rotated. Injection port 13 is connected by way 
of a conduit 18, containing a pump 14, to a volatile liq 
uid blowing agent storage vessel 15. The volatile liquid 
blowing agent is injected into the extruder barrel in in 
jection zone 6. The hopper 16 feeds stock thermoplas 
tic polymer to the extruder in a conventional manner, 
e.g., by way of a single screw conveyor or other suitable 
metering device. The extruder barrel 2 is surrounded 
by a heating jacket 17, which is preferably divided into 
a plurality of zones, i.e. five differing heating zones, for 
polymer temperature control. The heating means is 
preferably electricity but other sources of heating may 
be utilized. 

In operation the thermoplastic polymer, which is suit 
ably in pellet form, is metered from hopper 16 into the 
rear of the extruder barrel and introduced into and 
passed through section 5A of screws 3 and 4 to section 
5B with the section 5A only partially filled with poly 
mer. The screw flights of section 5B are reversed with 
respect to the screw flights of section 5A, and the pitch 
of screw flights in section 5B is less than the pitch of the 
screw flights in section 5A. The screw threads section 
5B are interrupted by gaps, with the gaps in subsequent 
turns of the thread being helically aligned with each 
other so as to provide helical paths for the thermoplas 
tic polymer, in the same direction as the feed section 
5A. The reverse flights of section 5B impart more in 
tense mixing to the polymer than section 5A. A more 
important feature of section 5B is that it assures that 
the flights of the screws at that section will be substan 
tially filled with polymer. Therefore, the location of the 
reversing flights adjacent the injection zone 6 provides 
a polymer seal to prevent gaseous blow-back of the in 
jected blowing agent. A suitable design for mixing 
zones 5B and 8 is illustrated in the Colombo U.S. Pat. 
No. 3,252,182, the disclosure of which is hereby incor 
porated by reference. However, other extruder.com 
pression Zone screw designs may be utilized, as is 
known to the art. For example, the reverse flight screw 
threads may be replaced by a section of screws 3, 4 
wherein the screw pitch and/or diameter is changed, as 
is conventional in the art, to ensure that the screw is 
substantially filled with polymer at at least one point 
between the polymer feed inlet from hopper 16 and 
blowing agent injection port 13, thereby providing a 
seal against gaseous blow-back. 
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In injection zone 6, the blowing agent is introduced 

into the system and the thermoplastic polymer is then 
mixed with the volatile liquid blowing agent and the 
volatile liquid blowing agent is uniformly distributed 
throughout the polymer, due to the action of the ex 
truder screws. This mixing action is assisted by the ac 
tion of the screws in conveying Zone 7 and mixing Zone 
8. The polymer is passed through mixing zone 8 and 
thence through metering zone 9 to the extruder die 10. 
Mixing zone 8 serves incidentally as a seal against pre 
mature release of volatile blowing agent to the front of 
the extruder. However, in many cases, the mixing Zone 
8 can be eliminated if intense mixing is not required at 
this point. The polymer mixture fills several screw 
flights of the metering section 9 adjacent the die and 
therefore acts at that point as a seal against premature 
release of blowing agent. The die design may be any of 
the conventional extruder die designs utilized by the art 
in the production of foamed thermoplastics-e.g., the 
extruder die may be designed to produce foam sheets, 
rods, chunks, or annular coverings of cables or the like. 

It is believed that the co-rotating twin screw extruder 
produces an entirely different type of mixing than other 
extrusion systems. The single screw extruder and the 
counter-rotating twin screw extruder produces a grind 
ing, tearing, and high shear mixing effect, while the co 
rotating twin screw extruder produces a cut and blend 
type of mixing. This mixing effect is believed to be the 
reason why much lower temperatures are encountered 
in co-rotating twin screw extruders. 

In a co-rotating twin screw extruder, an energy bal 
ance analysis indicates that of the heat found in the 
polymer at the extruder die, substantially more heat is 
imparted to the polymer by the heating means sur 
rounding the extruder barrel than that imparted to the 
polymer by the same means in a single screw or coun 
ter-rotating twin screw extruder. Therefore, the 
amount of heat or BTU's added to a polymer can beef 
fectively controlled to a minimum and in the extrusion 
of conventional thermoplastic polymer foams by the 
process of the present invention, there is generally no 
requirement for heat removal and therefore no cooling 
means is required. 

It is known to be difficult to put heat into, or remove 
heat from, polystyrene polymers. The working of the 
polymer in a conventional single screw extruder or a 
counter-rotating twin screw extruder adds heat to the 
polymer which has to be removed by barrel cooling 
means. Since in utilizing the process of the present in 
vention, very low controlled heat is imparted to the pol 
ystyrene polymer by the co-rotating twin screw ex 
truder, and no heat removal is generally required, more 
even density and/or foam sheet gauges may be obtained 
than that obtained from a single counter-rotating twin 
screw extruder. 
The foam extrusion process utilizing the co-rotating 

twin screw extruder requires much less energy than a 
single screw or counter-rotating twin screw extruder 
for the same foam capacity. For example, a co-rotating 
twin screw extruder having 5 hp on the drive system has 
a capacity of 60 pounds per hour of foam and a co 
rotating twin screw extruder having 20 hp on the drive 
system has a capacity of 300 pounds per hour of foam. 
As a result, the capital equipment investment required 
for a given design capacity is in some instances about 
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8 
one-half than that required for conventional foam ex 
trusion systems. 
The thermoplastic foams produced by the present 

process may be utilized in a wide variety of areas, as is 
known to the art. For instance, the polymers may be 
used for insulation and as the core...of sandwich panels. 
They may also be welded or cemented into various use 
ful products, such as, for instance, milk cartons. The 
extruded thermoplastic foams may be used for floata 
tion in boats and the like. Most of the extruded thermo 
plastic foams may be used in the packaging industry. 
From the above it will be readily appreciated that the 
products produced by the process of the present inven 
tion are useful in a wide variety of applications. 
The invention will be understood more readily by ref. 

erence to the following examples; however, these ex 
amples are intended to illustrate the invention and are 
not to be construed to limit the scope of the invention. 

Example 1 
The following example was conducted on a LMP 

Colombo co-rotating intermeshing twin screw ex 
truder, Model RC10, containing two special alloy steel 
screws with continuously forwarding flights except 
where material is transferred from one compression 
section to another. The screws had a maximum diame 
ter of 4.48 inches, a L/D ratio of 5.5:1 and a center to 
center distance of 3.35 inches. The barrel had two 
heating zones, with heating means of electrically oper 
ated heater bands of a total capacity of 4.5 kw. The 
feeding was by way of a separately driven screw from 
a l.23 cubic foot capacity hopper. Expandable polysty 
rene pellets (Koppers F-135) with the following prop 
erties were extruded: 

Bulk Density, 29 
pck 
Pellet length, 4 
inches 
Pellet diameter, lil 6 
inches 
Total volate 6.3 max. 
content, %wt. 5.5 min. 
Citric acid 0.30 
content, wt. 
Sodium bicarbonate 0.35 
content, %wt. (external) 

During extrusion, the pressure behind the die was 
1,000 psi and the screw was starved. The extruder bar 
rel temperature was 320°F. at the feed zone and 340°F. 
at the discharge end of the barrel. (The maximum bar 
rel temperature was 340F.) The stock temperature at 
the die was 275°F. 57.5 pounds per hour of 8 pound 
density foam of good, uniform appearance and fine cell 
size was produced. The extruder had a 5 hp drive. No 
heat extraction means was employed on the system. 

EXAMPLE 2 
Using the extruder of Example 1 modified by adding 

a blowing agent injection port in the barrel, a low den 
sity branch chain polyethylene resin (duPont Alathon 
14) with the following physical properties was used: 

Melt index, 1.9 
dg/min. 
Density, 23°C. 95 
g-fcc 
Tensile Strength 700 - 
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73°F., b./sq.in. 1800 
Yield Point, 1500 
73°F., lb./sq.in. 
Elongation, 3500 
73°F., 7. 5 
Hardness, D 45 
Shore. 
Softening point 82 
Vicat, F. - 
Dielectric constant, 2.3 
60 cycles to 00 megacycles 
Index of refraction, 15 O 

t 
Specific heat 0.55 
Coefficient of linear 9 x 10 
expansion, per F. 

100 parts of the above polyethylene resin, 0.2 parts 15 
of calcium silicate (nucleating agent) and 0.25 parts of 
zinc stearate (lubrication or mixing aid) were dry 
mixed in a drum tumbler for 15 minutes and then 
placed in the extruder hopper. The blowing agent was 
6 parts (based on the total mixture above) of a petro- 20 
leum ether consisting of 60 percent pentane, 20 per 
cent heptane and 20 percent hexane. The blowing 
agent was injected into the third, or injection zone. The 
extruder barrel temperature was 340°F. at the feed 
zone, 420F. at the blowing agent injection zone, and 25 
420F. at the discharge zone and the stock temperature 
at the die was 170°F. The pressure behind the die was 
500 psi and the screw was starved. 48 pounds/hour of 
a low density foam was obtained. No heat extraction 
means was employed on the system. 30 

Example 3 
The extruder described in Example 2 was utilized to 

extrude a high heat general purpose polystyrene (Fos 
ter Grant Fosterene 50). The styrene together with 0.2 35 
percent citric acid and 0.2% NahCOs (nucleating 
agent) were dry mixed in a drum tumbler for 15 min 
utes and then fed into the extruder. Six parts (based on 
the total mixture above) of petroleum ether was in 
jected into the extruder barrel. The styrene polymer 40 
had the following properties: 

Specific gravity. 1,04 - 1.07 
Hardness, Rockwell M70 - M80 
Moisture absorption, % 0.04 45 
Tensile strength, psi 7000-800) 
Elongation, % 15 - 3.5 
Tensile modulus 4.0 - 5.0 
psi x 10' 
Flexural strength, 1200 - 1300 
psi at yield 

50 

The pellets were approximately one-eighth by one 
eighth inch with an apparent bulk density of 0.6l. 
The pressure behind the die was 1,200 psi and the 

screw was starved. The extruder barrel temperature 
was 300°F. in the feed zone, 330°F. at the blowing 
agent injection zone and 300°F. at the discharge end 
and the stock temperature at the die was 275°F. 66.5 
pounds per hour of good foam of 10 to 11 pounds per 
cubic foot density was produced. No heat extraction 
means was employed on the system. 

EXAMPLE 4 

A co-rotating intermeshing twin screw extruder 
shown in the accompanying drawing and similar to the 
extruder of Example 1 but of a relatively larger capac 
ity (LMP-Colombo Model RC18) was used to extrude 
the high heat polystyrene described in Example 3. The 
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10 
screws were of a maximum diameter of 4.48 inches, a 
L/D ratio of 16:1, and a center to center to center dis 
tance of 3.35 inches. A blowing injection port was 
added. The barrel had five heating zones, with heating 
by means of electrically operated heater bands of a 
total capacity of 20.45 kw. The hopper capacity was 
2.82 cubic feet, 100 parts of the styrene polymer, 0.1 
parts of citric acid and 0.1 parts of NaHCOs were dry 
mixed in a drum tumbler for 15 minutes and then 
passed in the extruder. The blowing agent, a petroleum 
ether consisting of 60 percent pentane, 20 percent hep 
tane, and 20 percent hexane, was used in an amount of 
six parts based on 100 parts of the polymer mix. The 
pressure behind the die was 1,150 psi and the screw 
was starved. The extruder barrel temperatures were 
410°F. in the feed zone, 430°F. in the mixing Zone, 
412F. in the blowing agent injection zone, 325°F. in 
the discharge zone and the stock temperature was 
290°F. at the die, 270 pounds per hour of 5.16 pounds . 
per cubic foot foam were produced. The capacity of 
the extruder drive was 20 hp. No heat extraction means 
was employed on the system, 

EXAMPLE 5. 
The extruder described in Example 4 was used to ex 

trude a polymer from a high heat medium-impact poly 
styrene (Foster Grant Fosta Tuf-Flex 352) of the fol 
lowing physical properties: 

Tensile strength, psi 4200 
Elongation,6 14 
Tensile modulus 4.0 
psi x 10 
Vicat, Softening Point, 28 
of. 

100 parts of the polymer, 0.2 parts citric acid and 0.2 
parts of NaHCOs were dry mixed in a drum tumbler for 
15 minutes and then passed to the extruder. The blow 
ing agent, which was utilized in an amount correspond 
ing to 5 parts per 100 parts of the polymer mixture, was 
pentane. The pressure behind the die was 1050 psi and 
the screw was starved. The extruder barrel tempera 
tures were 440°F. in the feed zone, 425°F. in the mixing 
Zone, 390°F. in the blowing agent injection zone, 
300°F. in the mixing zone, 300°F. at the discharge zone 
and the stock temperature was 305°F. at the die. 200 
pounds per hour of 6-8 pounds per cubic foot density 
good foam were produced. No heat extraction means 
was employed on the system. 

EXAMPLE 6 
The polymer described in Example 5 was extruded 

on the co-rotating intermeshing twin screw extruder 
described in Example 4. 100 parts of the styrene poly 
mer, 0.2 parts of citric acid and 0.2 parts of NaHCO 
were dry mixed in a drum tumbler for 15 minutes and 
then passed to the extruder. The blowing agent was 
pentane, used at a level of 5 parts per 100 parts of the 
total polymer mixture. The pressure behind the die was 
l, 150 psi and the screw was starved. The extruder bar 
rel temperatures were 450°F. in the feed zone, 480°F. 
in the mixing zone, 420°F. in the injection zone, 312°F. 
in the mixing zone, and the stock temperature was 
250°F, at the die. 250 pounds per hour of a good qual 
ity low density foam were produced. No heat extraction 
means was employed on the system, 



1. 
It should be noted that in all of the examples BTU's 

were not removed from the polymer mixture prior to 
discharging the mixture from the extruder. In all cases 
except Example 1, which was the extrusion of a foam 
able pellet, and Example 2, the amount of heat or 
BTU's added to the polymer prior to the injection zone 
was so controlled that the cooling effect of the blowing 
agent when injected into the system was sufficient to 
bring the polymer mixture (including the blowing 
agent) to substantially discharge temperature. In Ex 
ample 2, additional BTU's were added by the heaters 
to the polymer and blowing agent mixture to bring the 
mixture substantially the discharge temperature. Obvi 
ously minor heat losses through radiation, etc., as well 
as subsequent working on the polymer mixture by the 
screws must be taken into account when considering 
the actual discharge temperature. The preferred em 
bodiment of the present invention is, as discussed here 
tofore, to add substantially all of the BTU's from exter 
nal heating means to the polymer stock prior to the in 
jection of the blowing agent. Such a procedure allows 
greater control over the extrusion process. However, it 
is possible to add a portion, or even all, of the BTU's 
to the polymer stock after the blowing agent has been 
injected. (Adding a portion of the BTU's after the 
blowing agent has been injected is illustrated in Exam 
ple 2.) In any case, the total energy balance (heat 
added to the polymer stock minus the cooling effect of 
the blowing agent injection and minus any heat losses) 
must be such that the resultant polymer stock tempera 
ture is the desired extrusion discharge temperature or 
foaming temperature. 
While the preferred embodiment of the present in 

vention contemplates no external cooling means on the 
extruder barrel for BTU removal purposes, e.g., no 
heat from the polymer stock subsequent to the blowing 
agent injection, other than minor heat losses caused by 
radiation, conduction and the like, it may in some in 
stances be desired to utilize cooling means, such as a 
water jacket, on the extruder barrel between the blow 
ing agent injection port and the die for removal of 
BTu's from the polymer stock. In any event the maxi 
mum polymer stock temperature (polymer/blowing 
agent mixture temperature) will always be substantially 
less than the temperatures encountered in the same ex 
trusion systems when extruding on a single screw or 
counter-rotating twin screw extruder. 
The term "discharge temperature' as used herein 

shall mean the temperature which is low enough that 
the polymer cell walls are strong enough to withstand 
the pressure of the gaseous blowing agent without rup 
turing and a temperature which is high enough to cause 
the volatile blowing agent to volatilize. 
The term "starved screw" as used in the examples 

means that the screws are run partially filled with poly 
mer except in the area of the extruder in Example 2 ad 
jacent to and upstream of the injection port which is 
run substantially full to effect sealing and prevent gase 
ous blow-back, in the areas of the extruder illustrated 
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in the drawing where the reversing flights are located, 
and in each extruder the last few flights of the metering 
zone nearest the die which will be filled with polymer 
due to back pressure at the die. 
Obviously many modifications and variations of the 

present invention are possible in the light of the above 
teachings. It is, therefore, to be understood that within 
the scope of the appended claims, the invention may be 
practiced otherwise than as specifically described. 
We claim: 
i. In a process for extruding a thermoplastic polymer 

comprising extruding a foamable thermoplastic poly 
mer on an extruder while injecting a blowing agent into 
the extruder, uniformly distributing the injected blow 
ing agent into the polymer, and adding heat to said 
polymer, the improvement comprising passing said 
polymer during extrusion between intermeshing screw 
flights of a twin screw intermeshing co-rotating ex 
truder while limiting the amount of heat added to the 
polymer during extrusion so that the cooling effect of 
the blowing agent when injected into the extruder and 
uniformly distributed within the polymer, will bring the 
polymer and blowing agent mixture to substantially the 
discharge temperature. 

2. A process as claimed in claim 1 wherein no heat 
is removed by external means from the polymer and 
blowing agent mixture prior to discharging said mixture 
from said extruder screws. 

3. A process as claimed in claim 1 wherein heat is 
added to the polymer by working of the polymer be 
tween screws and by external heating means, and all 
heat from said external heating means is added to the 
polymer prior to injection of the blowing agent. 

4. In a process for producing a thermoplastic com 
prising extruding foamable thermoplastic polymer on 
an extruder while injecting a blowing agent into the ex 
truder, and discharging the polymer and blowing agent 
mixture from the extruder at a predetermined dis 
charge temperature to form said foamed thermoplastic, 
the improvement comprising rotating two parallel ex 
truder screws the flights of which intermesh in the same 
direction (co-rotating), passing said foamable thermo 
plastic polymers between said co-rotating screws while 
mixing said blowing agent into the polymer, adding 
heat to the polymer during passage between said screws 
by working the polymer with the screws and by external 
heating means, limiting the amount of heat added to 
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the polymer by said external heating means so that the 
cooling effect of the blowing agent, when mixed into 
the polymer, will bring the polymer and blowing agent 
mixture to substantially the discharge temperature, 
whereby excessive heating, which would require subse 
quent removal by external cooling means of a substan 
tial amount of excessive heat from the polymer and 
blowing agent mixture, is avoided. 

5. A process as claimed in claim 4, wherein all of the 
heat from the external heating means is added to the 
polymer prior to mixing said blowing agent therein. 
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